DIFFUSION BONDING OF SILICON CARBIDE FOR A MICRO-ELECTRO-MECHANICAL 
SYSTEMS LEAN DIRECT INJECTOR 

Michael C. Halbig, Army Research Laboratory, Vehicle Technology Directorate, Cleveland, 
OH 

Mrityunjay Singh and Tarah P. Shpargel, QSS Group, Inc., Cleveland, OH 
James D. Kiser, NASA Glenn Research Center, Cleveland, OH 

Robust approaches for joining silicon carbide (SiC) to silicon carbide sub-elements have 
been developed for a micro-electro-mechanical systems lean direct injector (MEMS LDI) 
application. The objective is to join SiC sub-elements to form a leak-free injector that has complex 
internal passages for the flow and mixing of fuel and air. 

Previous bonding technology relied upon silicate glass interlayers that were not uniform 
or leak free. In a newly developed joining approach, titanium foils and physically vapor deposited 
titanium coatings were used to form diffusion bonds between SiC materials during hot pressing. 
Microscopy results show the formation of well adhered diffusion bonds. Initial tests show that the 
bond strength is much higher than required for the component system. Benefits of the joining 
technology are fabrication of leak free joints with high temperature and mechanical capability. 
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30th Annual Conference on Composites, Materials, and Structures, Cape Canaveral/Cocoa 
Beach, Florida, January 23-26, 2006. 
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Injector Program Objective and Approach 
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Multi-Point Lean Direct Injector 
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Lean Direct Injector Fabricated by Laminates 
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- Provides thermal protection of the fuel to prevent choking 

- Low cost fabrication of modules with complicated internal geometries through chemical 
etching 

Glenn Research Center at Lewis Field 




Previous Approach of Joining SiC With a 

Silicate Glass Layer 
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Leak Test of SiC Laminates 
Joined with Silicate Glass 
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Current Approach of Joining 
SiC With a Ti Layer 
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SiC-Ti-SiC Diffusion Bond Processing Matrix 




CD 


■o 

0 

C 

C/) 

C/) 


c 

'CD 

_Q 

O 

0 

1 

•I— > 

c 

'CD 

(/) 

E 

o 

cl 

< 
I — 
(/) 
)■ 
cl 
o 


_ 

i- 


i- 

E 

Q 


Q 

LO 

> 

CL 

00 

> 

CL 

0 

c 

00 ^ 

c 

O 


O 

H— • 

0 

'p 

0 

> 

E 

LO 

E 

"0 

0 

■ 

0 

0 

T — 


^ — 

C 

I 

CO 

i 


<— 

r 

<— 


H— » 

H— » 

h— » 

0 

> 

> 

> 

0 

■0 

■0 

■0 


0 

0 

0 


C 

C 

c 

'if) 

'O 

'O 

'0 

0 



■ 1 

0 

0 

0 

0 


C 

C 

c 


co 
c 
o 

'-I— I 

CD 

.£ ^ o 


o 

o 

"cp 

0 

fo 


"D 

c 

CD 

o 

0) 


0 

(7) 

1 

0 

L_ 

0 
•I— > 

0 

E 

CD 

TD 

LO 

1^ 


C 

o 

o 

E 

co 

CO 

E 

LO 


Q_ 

s_ 

0 

•4—> 

c 

LU 

X 

LU 

cr 

H 

0 

Q 

o£ 

1 § 

£-| 

.CD E 

~^> oo 

R 00 
LO ^ 
1^ 


CM 


o 

Q. 

0 

o 


o 

Q. 

0 

O 


o 0 O 
^ 0 ^ 
0 O 0 
0 CD 0 
0 t CD 

E£ p 

©“00 

O o O 
CO c CO 

Q ° Q 

> ?> 
0 = 0 
K 0 s 
CM O CM 

X ° X 


00 


0 

Q. 

8.8 
w Js 

1 = 

- 1 - 0 

©D 0 


O o 

a: x: 
* * 

_ o E 

oW c 

Xq 0 
?> c 

O K 0 

1-8 


LO 


(/) 

3 

CD 

CO 


0 

+■» 

CD ^ 

a: c 

O °£, 

o 
o 


£ 

0 

-C 

a 

0 

o 

E 

5 


* 

2 _ 

=! * 
0 n 

0 5= 
CD 


a ^ 
E O 

0 °W 


c 

o 

Jh 

b 

c 

o 

o 


0 

_Q 

2 

Q_ 

2 

o 


o3 
>. 
Q_ 
O 
c n 

2 

o 


LO 


C\l 


CM 


CM 


CO 


CM 


CM 


CM 


CM 


CO 



CD 

CL 


O 

LO 

~C0 

CD 

C 

c n 

CD 

0 

o 

o 


Q_ 

0 

0^ 

0 

0 

0 


0 
SZ 
-1— » 
i— 

£ 

2 

3 

0 

0 

2 

Q_ 

0 ) 

C 

'o_ 

E 

0 

o 

E 

0 

E 

'c 

'E 

0 


0 

■X 


Glenn Research Center at Lewis Field 


Electron Micro Probe Analysis of the 

“Titanium” Foil 
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Microprobe of a-SiC Reaction Bonded Using Ti Foil 
Conditions: 1250 °C, 24 MPa, 2 hr, vacuum, 5 C/min 
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Glenn Research Center at Lewis Field 




Microprobe of TREX CVD SiC Reaction Bonded Using Ti Foil 
Conditions: 1250 °C, 24 MPa, 2 hr, vacuum, 5 C/min 







-a 


O 



S_ 

CO 

OQ 

1 _ 

c 



O) 


0 

0 

(0 


0 


Q. 

0 

> 


■o 

0 

3 

o 

c 


a 

0 

0 

0 

0 

£ 


E 

S ; 

+■» 

3 

T3 


0 

Q_ 

o 

i/5 

o 

c 

D) 


O 


■N 

in 


o 

c 


0 


0 

H 

CD 

L_ 

o 

■ 

■ 

S_ 

o 

0 

i_ 

O 

M— 


c 

O 

c 

0 

c 

o 

o 



CO 

£ 

£ 

0 

+■* 

(/) 

CD 

s 

o 

o 

o 

o 

■O 

o 

’5) 

■ 

0 

(0 

< 

o 

■ 

L_ 

o 

o 

0 

O 

_c 

Q. 

CO 

■ 

H 

1 

£ 

o 

o 

o 

z 

o 

L_ 

o 


C Q. 

0 ^ 
0 Q) 

■s s 

CD 

m a 

> 0) 

® 3 
£ O 




Glenn Research Center at Lewis Field 



Microprobe of CVD SiC Reaction Bonded Using PVD Ti 
Conditions: 1250 °C, 31 MPa, 2 hr, vacuum, 5 C/min 
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Glenn Research Center at Lewis Field 


Microprobe of CVD SiC Reaction Bonded Using PVD Ti 
Conditions: 1250 °C, 31 MPa, 2 hr, vacuum, 5 C/min 
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Sub-Element Diffusion Bonding/Demonstrations: 
Joining 4” Disks, 200 psi (1.38 MPa), and 800’F (427’C) 
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Glenn Research Center at Lewis Field 


NDE of 4” Bonded CVD SiC-Titanium Disk 
Using Flash Thermography 
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Glenn Research Center at Lewis Field 


NDE of 1 ” Diameter Polished and 
Unpolished Disks 
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Glenn Research Center at Lewis Field 


Initial Strength Tests on Diffusion Bonded 
CVD SiC with a PVD Ti Interlayer 
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Summary and Conclusions 
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